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Abstract 
Climate control and energy saving are the key words for the latest design and enhancements on textile structures.  
In the past, the improvements on energy savings in textile structures had already been taken into consideration. The 
first important examples can be found at the private clinic of Masserberg and at the swimming pool of Torres Novas. 
In those cases, traditional isolating materials and textile fabrics were utilised in combination, but total opacity to 
light was the resulting effect. 
Today the same issues were studied in order to ensure that the natural light could pass through, by combining 
multilayer fabrics meant to obtain the best energy savings for heating and cooling. 
The swimming pools and wellness centre of Splash & SPA in Switzerland and the walkway roof of the Centre 
Commercial Perpignan in France, were constructed by utilising the said materials. 
The combination of fabric and structural design is the latest example of the Miami Brickell Centre covering: fitted 
with massive fabric-covered louvers, Swire’s “Climate Ribbon ™”— thus named because it resembles a crumpled 
strip of ribbon — is designed to allow natural light while shading shoppers and channelling prevailing breezes from 
Biscayne Bay to cool them. The highly engineered canopy is the product of a collaboration between a Paris design 
firm Hugh Dutton & Associates and the universities of Carnegie-Mellon in Pittsburgh and Cardiff in the U.K.. It is 
believed to be the first of its kind in the country and possibly the biggest passive shading and ventilation device — 
i.e., not dependent on air conditioning. 
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The primary objective is to provide optimization of environmental quality for the shopping centre. 
The structure is designed to obtain three key benefits: 
Ǧ ventilation (avoid the use of air conditioning) 
Ǧ shelter from inclement weather 
Ǧ shading from the sun 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. First examples: Masserberg and Torres Novas 
Climate control and energy savings are the key words for the latest textile structures design developments. 
The purpose of this paper is to present the different design and building experiences the target of which is to obtain a 
climate benefit through the structures. 
At the beginning, the utilization of fabrics with insulating materials (such as mineral rock materials) in the structures 
was put to test. Multiple layers of fabrics and films with different properties were investigated to ensure 
translucency to the structure, though mindful of the costs involved. The final approach has been to start from 
studying the climate conditions and on that basis, design a structure shape that would derive advantage from the 
climate benefit. 
An example can be viewed at Masserberg (Germany), where Canobbio Company covered the reception area, the 
gymnasium and the swimming pool. The aim of the project was to minimize heat dispersions by combining isolating 
materials with fabrics. IPL Studio made the design and the installation took place in 1993: two layers of PVC coated 
polyester fabric type VII for the external side and type III for the interior. Between the two layers, 160 mm thick 
isolating glass fiber material. The cover measures approximately 3700 sq. meters. 
Another example is at Torres Novas (Portugal) swimming pool, built in 2005. A survey of the climate conditions, 
with particular reference to the hours of maximum heat, was carried out and eventually averaged on a monthly basis. 
The influence of the heat condition, radiation and air convection (because of natural acclimatization of the air 
interspace fig.1) were taken into account.  
Figure 1
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For a better understanding, the heat flows were converted into monthly equivalent average U-values. 
The average U-values reach their maximum in December. The most unfavourable value of the thermal transmission 
coefficient is: 
Ueff.mean.max =0,69W/m2K 
In consideration of the internal humidity within the swimming pool and the favourable climate conditions (mild 
winter), the accumulation of condensation is prevented. Only in the case of unfavourable climate conditions (low 
membrane temperature because of night radiation coupled with humid and warm air in the interspace) condensation 
can occur on the inner side of the external membrane, thus dripping down. A semi-permeable roof membrane 
protects the heat insulation, the condensation can be drained without damage. 
In the above project though, traditional isolating materials and textile fabrics created a total opacity and one of the 
most important features of the textile fabrics – translucency – was barred (fig.2). 
Figure 2
2. Splash & SPA 
In recent years, some designers tried to utilize a combination of multilayer fabrics while ensure translucency. This is 
the case of Splash & Spa wellness center in Switzerland where the wellness area, the swimming pool and leisure 
area were covered with a three non-symmetric ellipsoidal cupolas, with a three layers membrane system. Airlight 
Engineering was charged with investigating a special Low Emissivity material to be utilized as inner layer in 
combination with PTFE and Silicon Glass fabric in order to obtain the best possible Low emissivity coating [1]:  
Low emissivity coating E  0,2 on both faces 
Light transmission TL  64% 
Various laboratory tests were carried out on different film samples to measure the response of infrared emissivity 
and visible light transmission. The IR value of 0.2 grants the thermal insulating performances expected for the 
covering. The choice fell on the Low E foil that warrants the IR condition and the maximum transparency in the 
visible. Appended hereto is the table (Table 1.) detailing the results obtained. 
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Table 1. 
Material TL transparency in 
the visible area 
measured in % 
Silicone coated glass fabric 52% 
Low E film 34% 
PTFE coated glass fabric 
Silicone glass + PTFE glass 
Silicone glass + 2 layers Low E film + PTFE 
glass 
21% 
11% 
1,3 % 
After the analysis of the three cases, it was estimated that the U value of case 2 ( ε =0.2) is the following: 
U = 0.77 W/m2K 
The film is a non structural membrane, hanging slightly loose under the top chord of the truss system.
The panels are not joined and each one is hanging uniaxially between the trusses. 
Generally, a reduced amount of air is blown between the layers cavity in order to keep a light overpressure and 
avoid perfusion of humidity from inside (warm and humid). 
Together with Form TL it has been developed a special detail (fig.3) to obtain the following requirements: 
• Build outside membrane without flaps 
• Ensure water tightness 
• Ensure thermal insulation 
• Ensure air tightness 
Figure 3: special detail 
At the structural elements, the membranes are interrupted in both cases externally and internally. The 2 EPDM 
layers between the steel structure and the membrane as shown above maintains the continuity of the surface 
temperature of the membranes and limits to the most the loss of air in the junction. 
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3. Centre Commercial Perpignan 
The same approach applied to the Centre Commercial Perpignan. The architectural design was meant to fit in with 
the environment. Wooden and curved façades, entrance transparency, open windows and external promenades, 
quality of materials were the features that characterized this project. The pneumatic light coverings, protecting the 
commercial center entrances, diffuse a natural and smooth light to the internal promenade (fig.4). The architects 
chose textiles instead of glass in order to satisfy the client requirements of a structure that would offer modern and 
fluid movement which, in combination with the relevant climate elements, would recall the image of the clouds. 
 The steel structures are trusses with a 4 layer textile envelope kept in tension by a low pressure air blown into the 
cushion. The two intermediate layers reduce the convective movement inside the cushions and provide thermal 
control. The results obtained in term of environmental impact, energy harvesting and sustainability purposes are 
very encouraging [2] [3]. This is the pattern to follow with a view to reducing further the still existing short comings 
while underlining the fact that the lightness technology benefits above all the translucency of the material. 
Figure 4: Centre commercial Perpignan 
4. Pacific Club in Hong Kong and P7 football field Helsinki, Finland 
The same configurations were applied for the covering of sport installations at the Hong Kong Pacific Club and at 
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P7 in Helsinki, Finland. In both cases the main purpose was to avoid dispersions in the air supported structures: 
namely keep the internal cool in the first case and warmth inside in the second case. An exhaustive study mainly to 
improve the performance of air supported structures was carried out by the Environment and Energy Department of 
Politecnico di Milano and more specifically by Prof. Adriana Angelotti, Prof. Alessandra Zanelli and Dr. Hua Suo 
[5] in the following cases: 
• Improve the energy efficiency and energy consumption in cold climates 
• Avoid condensation problems 
• Improve the internal comfort  
• Find innovative solutions for structures that need Air conditioning in warm climates 
The following construction types were envisaged (fig.5): 
a b c
Figure 5: (a) Single Membrane, (b) Double membrane, (c) Energy 
I generation: single membrane covering 
II generation: double membrane covering 
III generation: Energy (double membrane covering with equal distance between two layers cavity) 
Figure 6: comparison table 
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Compared to generation I, generation II grants an additional 11% savings, whereas generation III grants an 
additional 18% savings (fig.6).  
By improving the design of ground coupling and entrance doors one can reduce heat dispersions (fig. 7) and obtain 
19% of savings in generation I. 
Figure 7: heat dispersion 
The advantages of generation III over generation II are obtained by removing thermal bridges along the perimeter of 
the pneumatic cushions; by improving the isolation of the covering to match internal temperature, the surface 
temperature also increases and consequently the average radiant temperature. This however could create an 
unpleasant situation for sport users due to overheating. 
In view of the foregoing, if the internal temperature is reduced from 18° to 14°, the inner perceived temperature 
would be the same with an additional 49% overall saving obtained (fig.8). 
ܧ݊݁ݎ݃ݕ ݏܽݒ݅݊݃ ܿ݋݉݌ܽݎ݁݀ ݐ݋ ܫ ݃݁݊݁ݎܽݐ݅݋݊
ܣ݌݌݈݅ܿܽݐ݅݋݊ ݋݂ ܮ݋ݓ ܧ ܿ݋ܽݐ݅݊݃ ܫ ݃݁݊݁ݎܽݐ݅݋݊ ϭϯй
ܴ݁݀ݑܿݐ݅݋݊ ݋݂ ݂݈݅݊݅ݐݎܽݐ݅݋݊ݏ ܫ ݃݁݊݁ݎܽݐ݅݋݊ ϭϵй
ܫ݈݊݁ݐ ݋݂ ܽ݅ݎ ݅݊ ݃ܽ݌ ܫܫܫ ݃݁݊݁ݎܽݐ݅݋݊ ϮϬй
ܴ݁݀ݑܿݐ݅݋݊ ݋݂ ݅݊ݐ݁ݎ݈݊ܽ ܽ݅ݎ ݐ݁݉݌݁ݎܽݐݑݎ݁ ݐ݋ ͳͶιܥ ܫܫ ݃݁݊݁ݎܽݐ݅݋݊ ϰϮй
ܴ݁݀ݑܿݐ݅݋݊ ݋݂ ݅݊ݐ݁ݎ݈݊ܽ ܽ݅ݎ ݐ݁݉݌݁ݎܽݐݑݎ݁ ݐ݋ ͳͶιܥ ܫܫܫ ݃݁݊݁ݎܽݐ݅݋݊ ϰϵй
Figure 8: inside comfort 
In the Hong Kong warm climate, air conditioning was required and a special design envisaged with 3 layers of 
fabric: 
• Blackout fabric outside 
• Standard fabric inside 
• Low E mirrored film for the middle layer to ban infrared rays and consequently reduce internal 
overheating.  
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a b 
Figure 9: (a) Pacific Club Hong Kong, (b) three layers of fabric 
The client did not require translucency of the fabric since he foresaw the use of artificial light to enable users play 
tennis. 
5. Miami Brickell Center 
A different approach, though always minding climate control and energy saving, was applied at Miami Brickell 
Center. The center comprises a 4 story commercial mall in Miami’s Brickell district, topped with a series of towers 
for apartments, offices, and a hotel. 
The project, fitted with massive fabric-covered louvers (Swire’s “Climate Ribbon   “ so named because it resembles 
a crumpled strip of ribbon) was designed to allow natural light while shading shoppers and channeling the prevailing 
breeze of Biscayne Bay to provide fresh air. The highly engineered canopy is the product of a collaboration between 
Hugh Dutton & Associates of Paris and the Universities of Pittsburgh (Carnegie-Mellon) and Cardiff (U.K.). This is 
believed to be the first project of its kind. It is also considered the largest passive shading and ventilation device in 
the Country which does not require the use of air conditioning. Form TL Studio of Germany, carried out the study of 
the membrane engineering. It is the special design of the structure that provides the control of climate [5]. 
Rendering and designs of the climate ribbon   show it as a melding of sculpture and science that will create breezes 
to passively cool the space.  The Climate Ribbon works as sophisticated environmental management system: it 
protects visitors from bad weather, captures sea breezes to adjust air flow and temperature, collects rain water to be 
re-used and allows visitors to enjoy natural light as in open air. The primary objective is to provide the finest 
environmental quality within the shopping center. 
Three are the key benefits attained by the design: 
• Ventilation (avoid the use of air conditioning) 
• Bad weather shelter 
• Sun shading 
Virtual simulations of airflow and annual sun paths were carried out. Physical wind tunnel tests were used to 
confirm the airflow predictions. Independent fluid dynamic simulations were carried out to measure airspeed, 
temperature and comfort conditions. 
Structural steel framing is designed to withstand Miami’s extreme hurricane wind forces. 
The Climate Ribbon strives to improve the perceived temperature conditions for the public in the shopping center by 
encouraging a breeze flow in the public spaces through harnessing the summer trade winds. A ‘scoop’ at the eastern 
end collects the trade winds coming up 8th street from the sea, and ‘spoilers’ downwind at the western and northern 
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ends create low pressure points to help draw the air through the public streetscape. 
Other parts of the structure act as deflectors or additional “scoops”, ensuring that air flows at a speed between 6-9 
knots and consequently make the internal temperature comfortable for the users. 
An upper glazed “skin” provides rain protection and solar filtering. A continuous  series of fabric blades provides 
sun shading. Climate Ribbon surfaces are inclined and sloped to channel rainwater to specific collection points 
where it is stored and re-used for planting irrigation and other purposes. 
Fabric blades are fixed to the underside of the steel framing, forming a sinuous and fluid ceiling to the public 
streetscape(fig.10). The angles of the blades are determined by the parametric solar studies, varying as a function of 
the built context and sun angles. Fabric is a material that is curvable and twistable and can achieve the variable paths 
to the blades that the solar studies require. It is stretched on steel framed skeletons with a gently curved tube for 
lower member. The fluid surface is a complementary contrast to the angular facets of the glazed topography. It is an 
expression of the fluidity of a breeze and at the same time a reference to the traditional sun shading louvers of 
colonial and period architecture that provide soft and indirect light. 
  
Figure 10: Miami Brickell Center 
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